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SUMMARY

COMBINATION

Jr.

An investigationwas made at low speed to determine the static aero-
dynamic forces and moments on a canard misstie model during simulated
launching from the m.idsemispanand wing-tip locations of a wing-fuselage

. . combination having a,45° sweptback wing. The results indicated that,
when the missile was mounted under the wimg at the midsemispan location,
changes in chordwise position generally produced large changes in missile
forces and moments, with these changes becoming larger as the singleof
attack was increased. Free-air conditions were approached when the mis-
sile was moved forward to a location about 1.0 to 1.5 wing-chords dis-
tance,ahead of the leading edge of the wing-fuselage combination. The
influence of the wing fuselage was reduced as the missile was moved
downward, and the degree of reduction depended on the longitudinal loca-
tion of the missile. The effects of three degrees of incidence of side-
slip on the static aerodynamic forces and moments of the missile relative
to the wing-fuselage combination generally were smaU in comparison with
the effects of either longitudinal displacement of the missile or angle
of attack of the wing-fuselage combination. When the missile was mounted
at the ying tip, the changes in mi@.le forces =d ~nts ~th c-es
in chordtise position were generally smaller than the changes noted with
the
the
for

missile mounted under the wing. However, because of the presence of ‘
wing-tip vortex, the missile rolling moments were considerably lager
the tip location.

lITI!RODUC!lICON

The National Advisory Cmmittee for Aeronautics is conducting inves-
tigations to determine the nature and origin of the mutual interference
effects experienced by various wing-fuselage models and various types of
external stores. Previous investigations (refs. 1 to 3) have shown the
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existence of these generally objectionable interference effects, and
reference 4 has shown that, at low speeds, they are primarily due to the
nonuniform flow field generated in the vicinity of the model. The sever-
ity of these induced effects on the force andmcnuent characteristics of
a con~ntional missile model (with the tail located aft of the wing) has
been reported in reference 5.

This paper presents the low-speed static aerodynamic forces and
moments on a canard missile model during simulated launch from the mid-
semispan and wing-tip locations of a wing-fuselage combination having a
45° sweptback wing. The effects of changes in missile incidence and
sideslip angle relative to the ~-fuselage combination are also shown.
Ih order to expedite publication of these data only a brief analysis is
presented.
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Subscripts:

(m)

(w)

3

lift coefficient of

free-stream dynamic

wing-fuselage combination, ~

pressure, lb/sq ft

free-stream velocity, ft/sec

missile body maximm cross-sectionsl area, 0.0131 sq ft

exposed area of two missile wing panels, 0.0357 sq ft

wing area of wing-fuselage combination, 6.25 sqft

span of missile wing, O.* ft

span of wing-fuselage combination, 5 ft

nm.dmum diameter of missile body, 1.55 in.

local wing chord of wing-fuselage combination, ft

chordwise distance from leading
to missile center of fgavity,

spsmwise distance from fuselage
center line (fig. 1), ft

edge of local wtng chord
positive aft (fig. 1), ft

center line to missile

‘ vertical distamce from wing-chord plane, positive up
(fig. 1), ft

fuselage length, 7.61 ft

angle of attack of wing-fuselage cmibination, aeg

angle of attack of missile ceriterline (fig. 2), deg

angle of incidence between ~ssile center line and
wing-chord line, deg

angle of sideslip between missile center line and fuse-
lage center line, deg

missile body

missile wings
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MODELS AND APPARATUS

The wing of the wing-fuselage combtition

.

NACA RM L55A12

used as the test vehicle
had a 45° sweptback quarter-chord line, an aspect ratio of k.0, a taper
ratio of 0.3, and employed NACA 65AO06airfoil sections parallel to @e
free-stream direction. The fuselage consisted of am ogival nose section,
a cylindrical center section, amd a truncated tail cone. A two-view
drawing of the wing-fuselage conibhiationas part of the test setup is
shown in figure 1 and the fuselage ordinates are presented in table I.

. ,.

The canard missile model used in this investigation employed a
cruciform arrmgement of its wings and canszd fins and is shown in fig-
ure 1 as part of the test setup. Details of the missile model are shown
in figure 3. Figuxe 4 is a photograph of the test setup with the missile
model installed at the midsemispan location. The missile was in++mdly
instrumented with a six-component strain~gage balance and was supported
from the rear of,the wing-fuselage combination by a sting that was adjust-
able in the longitudinal, lateral, and vertical directions (fig. 1). The
missile center Me w= located at the one-half semispan station at sev- 2

“eral.vertical heights and at the l.@-semispan statim with its center
line in the plane of the wing chord and parallel to the wing-tip chord.
A series of chordwise positions was investigated for both spanwise loca-
tions. The effects of missile center-line incidence angle and sideslip
angle on the static aerodynamic forces and moments were investigated with
the missile at the midsemispan location for several chordwise positions.

TESTS

The tests were made in the Langley 300 MPH7-by
a velocity of 125 mph, which corresponds to a dynamic

10-foot tunnel
pressure of 40

at
pounds

per sqyare foot and a Reynolds number of 1.1x 106 per foot of a typical
dimension. Measurements were made of the static aerodynamic forces and
moments on the canard missile during simulated launchings from the mid-
semispan and wing-tip locations of a wing-fuselage combination havimg a
45° sweptback wing, The investigation included the effects of changes
in missile incidence and sideslip angle at
relative to the wing-fuselage combination.
extended from -80 to 20°.

The missfie was tested under the left
of the test vehicle, which was inverted so

the midsemispan locati~n~
The angle-of-attackrange

wing andat the left wing tip
as to avoid support-strut

interference (fig.
as shown in figure

4). The directions of positive forces--&ridmoments are

._ ....—.___ ._ —_. .._ ..— _ ____ . .... . .._ ____ _____ . ... . .-—. - _
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CORRECTIONS AND ACCURACY

Blockage corrections were applied to the dynsmic pressure by use of
the method of reference 6, and jet-boundary corrections calculatedly the
method of reference 7 have been applied to the angle of attack. In addi-
tion, an angle-of-attack correction of 0.2° was appUed to account for
the tunnel free-stream misalinement @e.

A study of the missile model strain=gage-bahnce calibrations and
the general repeatability of the test data indicated that the accuracy
levels of the vsrious force and moment coefficients are approximately as”,.
follows:

.

Ccmponent

Cl’J”“ “ “ ““ “ ““ “
cm. .. . . ● . . . . ●

CA” “ “ “ “ ““” “ “

%“”””””””””
Cn. . . ● * . . . . .

cl” ● “ “ “ “ ● “ “ “

. ..*. . ...0 . .

. . . . . . ..0. . .

. ...* . . . . . . .

● *... . ...* .*

. . . . . ● . . . . . .

. . . . . ● . . . . . .

. . ...* . .

. . . . . . . .

. . . . . . . .

. . . . . . . .

. ● ✎ ..0 . . ●

. . . . . .0.

Accuracy

to. 25

to. 25
to. 05

M*25
*o. 25

to. oo~
.

RESULTS AND DISCUSSION
,

The aerodynamic characteristics of the isolated missil.eat low speed,
as determined from breakdown tests in the free stresm, are presented in -
figure 5. The basic data of the missile model when it is in the proximity
of the wing-fuselage combination are presented as a function of angle of
attack in figures 6 to 9, and are presented as a function of chordwise
position h figures 10 adll. The lift characteristics of the isolated
wing-fusekge combination sre presented for orientation in figure 12.

Figures 6 to 10 indicate that changes in chofdwise position of the
missile at the midsemispan location produce large chsnges in the forces
and moments of the missile in both the longitudinal and lateral planes.
As wouldbe expected, the changes in the static aerodynamic forces and
moments of the missile induced by the w3ng-i’uselagecombination, diminish
as the missile is moved ahead of the wing. When the missile center of
gravity reaches a distance of 1.0 to 1.5wing chords ahead of the leadimg
edge of the ~-fuselsge conibination,the missile forces and moments
approach those of the isolatedmissile (see

;;$”~.-~~

figs. 5, 6, sndlO).

.— . . . . . — —— .— — .—._— —-- ---- -—..______ ..
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The effects of chsnges in the vertical position of the missile are
S.+S0 shown in figures 6 and 10. As the missfle is moved away from the
wing-chord plane, the c-es induced by the presence of the wing-fuselage
combination are seen to be generally reduced, and the de~ee of reduction
is a function of the missile longitudinal location.

As the sngle of attack.~s-increased, the induced effects also are
increased. This increase cad’be explained (ref. 4) by the increase in
~ circulation strength which results in stre@h&ed and expsnded
dowhwash- and sidewash-angd+rity fields in conjunction with a nonuniform
dynsmic-presswe field. ‘.-

The effects of increasing the missile incidence &le (fig. 7) or
the missile sideslip angle (fig. 8) to 3°, relative to the wing-fuselage
combination,was smsll in comparison with the effects of changes in
either the longitudinal displacement of the missile or the angle of attack
of the wing-fuselage cotiktion.

Ilhenthecmdmissileislocatedattheone=halfsemi~panlocatio
the trends of the static aerodynamic forces and moments of the present

investigation agree qualitativel.ywith the forces and moments of the con-
ventional missile (with the tail located behind the wing) reported in
reference 5.

When the missile model was mount%d at the wing-tip-location of the
wing-fuselage combination (figs. 9 and n), changes in the missfie forces
and m&ents were less severe than those of the missile at the midsemispan
location, with the exception’of the rolling moment which was greatly
increased due to the effect of the wing-tip vortex (figs. 6, 9, 10, and n).
As the missile center of gravity was moved ahead of the wing leading edge,
the missile forces and moments generally diminished and approached the
isolated missile values between 1.0 ~d 1.5 wing chords ahead of the wing
leading edge.

CONCLUSIONS

The results of an investigation at low speed of the static aerody-
namic forces and moments on a canard missile model during simulated
l~unching from the midsemispan snd wing-tip locations of awing-fuselage
combination having a 45° sweptback wing, titicate the following
conclusions:

1. When the missile was mounted under the & at the midsemispan
location, changes in chordwise position’generally produced lsxge changes
in missile forces and moments, and these changes became larger as the
angle of attack was increased. Free-air conditions were approached when

— ——
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the missile was moved forward to a location about 1.0 to 1.5 wing-chord
distsmce ahead of the leading edge of the wing-fuselage combination. The
influence of the ~ fuselage was reduced as the missile was moved down-
wsrd, and the de~ee of reduction depended on the longitudinal location
of the missile.

2. The effects of three degrees of incidence or sideslip on the
static aerodynamic forces and moments of the missile relative to the
wing-fuselage combination generaU.y were small W comparison with the
effects of either longitudinal displacement of the missile or @e of
attack of the wing-fuselage combination.

3. When the”missile was mountedat the wingtip, the ch@es in
missile forces and moments with changes in chor&?ise position generally
were smaller than the changes noted with the missile mounted under the
wing. However, because of the presence of the wing-tip vortex, the mis-
sile rolding moments were considerably larger for the tip location.

Langley Aeronautical Laboratory,
Nationsl Advisory Committee for Aeronautics,

Langley Fieldj Vs., Janusxy 4, 1955.

.
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TABLE I.- FUSELAGE ORDINATES

~ L = gl”a~ ~“——————+

●7534L~ I

Ordinates, percent length

station

o
3.28
6.57
9.86

13.15
16.43
19.72
23.01
26.29
29.58
;Z.3J

79:98
83.26
86.55
8g.84
93.13
96.41

lccl .00

R&dills

o
.91

l.p.
2.41
3.Cm
3.50
3.90

kg
4.57
4.57
4.54
4.38
4.18
3.95
3.72
3.49
3.26
3.02

.
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Lmgii’udinal plane
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Loterd plme
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n z

Figure 2.”-Positive direction of forces and
model.

‘v’%m%im&m

moments as measured
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jgure~.- Aerodynamic characteristics of isolated missile at low
and missile component characteristics.
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c“

L5

.

-10 -5 0 5 10 /5 Zf3 25 io-.5o5fl
a,*

f5 20 2!5
a, deg

(a) X/c = 0.60.

Figure 6.. Missile aerodynamic characteristics at one-half semi6pan sta-
tion.as affected by wing-fuselage cotiination.
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--4=5=0–’

..

30 -5 0 5 10 15 m 25
u,d~.

(b) X/C

Figure 6.-

-;0 --5 0 5 10 15 20 25
u,deg

= 0.3750
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~gure 6.-
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-;0 -5 0 5 10 E ~ =
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Continued.
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(d) X/C = O.,

/“ ~gure 6.- Continued.
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:10 -5 0 5 ./0 15 zu 25
a,dq

= -0.15.

Figure 6.- Continued. “
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--i’=-7-- Z%
o— -445

—4

-10 -5 0 5 10 f5 20 .2$
a, deg
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cl

>0 -5 0 5 lo 15 27 25
a,deg

(f) x/c = -0.342.
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l?igure 6.- Continued.
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r--l - 0 -35

o— — -435

“>0 -5 0 5 /0
a,deg

:/0 -5 0 5 /0 /5 m 25
a, deg

(d x/c = -0.567.

IRLgure 6.- Continued.
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o— .1?5

Cy

c.

Cr

-,
-/0 -5 0 5 /0 /5 20 25

0=Ui?g

(h) X/r2 = -0.792.

Figure 6.- cont~uede
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1----——1=—’’=————1
I

.—. — .—.

c.

~0 -5 0 5 10 15 20 25
a, deg

:10 -5 0 5 10 Is 20 25
a,deg

(J) x/c = -1.467.

l?igure 6.- Concluded.
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.
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u,d?g

(a) x/c = 0.60.

Figure 7.- Effect of incidence on missile aerodynamic characteristics at
one-half semispan station of wing-fuselage combination.
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-lo -5 0 5 10 /5 22 25
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(b) X/C = 0.375.

Fi@re 7.- Contimued.
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Figure 7.-
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Continued.
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Figure 7.- Continued.
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(e) x/c = -0.Lz.

Figure 7.- Concluded.
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‘:10 -5 0 5 D 15 20 25
a,deg

-lo -5 0 5 10 15 20 25
a, deg

(a) x/c = 0.60.

yigure 8.- lZPfectof sideslip on missile aerodynamic characteristics at
one-half semispan station of wing-fuselage cotitition.
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Figure 8.-
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(c) x/c = 0.15.

~gure 8.- Continued.
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(d) X/C = ().

R&me 8.- Continmd.
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